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INTRODUCTION
Koti ei ole koti ilman saunaa.
- Finnish Proverb
The focus for Team 7 at IDFW 18 was the investigation of 
modeling requirements for simulating mass-casualty 
disaster response scenarios and the investigation of how 
existing simulation packages could meet these requirements. 
We began with a brainstorming session of possible events 
that could result in mass-casualty disaster situations. To 
provide a framework for our thinking, we developed a basic 
scenario to consider while discussing what types of features 
a modeling software package would need to have to build a 
useful simulation model for this type of scenario. This 
discussion inherently included consideration of both the 
discrete-event simulation (DES) and the agent-based 
simulation (ABS) methodologies. The list of features was 
used to evaluate several simulation software packages for 
suitability. Next, details were specified for the scenario and 
team members attempted to build simulation models using 
four different packages: Arena, NetLogo, Pythagoras and 
Sandis. In addition, we interviewed experts in additional 
packages:  MANA, PAX, and Extend.  With the results of this 
investigation and experience, we drew some conclusions 
about simulation modeling of mass-casualty disaster 
response scenarios.
MASS-CASUALTY DISASTERS
For the purposes of our investigation, we defined a mass-
casualty disaster as some event that resulted in a number of 
victims that exceeded the number of responders. Our 
brainstormed list of potential events that could result in a 





• Auto / bus crash
• Plane crash
• Explosion
• Chemical release / spill
• Biological release
• Fire
Each of these disaster events has different characteristics 
that will affect the modeling features a simulation package 
must have to be able to model a scenario of that type. 
Therefore, we generated a  list of dimensions that would cover 
the primary characteristics of a mass-casualty disaster 
scenario.
Dimensions of Scenario Characteristics
• Disaster time frame:
o Time span (minutes, hours, days)
o After disaster cause has finished, as disaster cause 
is continuing, or both
• Physical area
o Dispersion of victims
o Traversability of terrain




 continued threat due to attack or continued 
cause of disaster 
• Size and severity
o Number of victims
o Distribution of injury severity level
• Responder characteristics
o Authority structure(s)
o Number and skill level of responding individuals
o Number and type of responding equipment / 
vehicles
o Prior plans in place / drills done
• Scope of focus
o On-site treatment
o Evacuation
o Medical facility management
o Combination of above
Recognizing that we would have difficulty evaluating the 
software packages for their usefulness in modeling all 
characteristics on all dimensions, we defined a specific 
scenario to consider. 
Specific Scenario Chosen
We chose to consider a four-car passenger train crash in a 
small town with a city nearby. The scenario begins 
immediately after the crash so there is no on-going disaster 
event. The accident scene is considered safe and the area 
traversable but some of the victims are trapped and will 
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need to be extricated. There are 200 passenger victims with 
varying injury levels, either still in the train or within the 
immediate vicinity.
The responding organization has a  clearly defined 
authority structure with an established response plan so there 
are no inter-organizational issues to be modeled. There are 
responders with medical skills as well as unskilled volunteers 
and an extrication team with necessary equipment. Three 
ambulances will be available to transport victims to a  local 
hospital and seven ambulances will be able to transport the 
most severe victims from the local to the city hospital.
The Measure of Effectiveness (MoE) chosen was the 
change in the distribution of victim injury levels from the 
initial injury distribution to the injury distribution at the end 
of the scenario (when all patients were treated and released, 
had died, or remained at the city hospital). The scope of the 
focus would be on-site treatment as well as evacuation and 
medical facility management. On-site activities are the triage 
of victims, the extrication of trapped victims, the movement of 
victims from their initial locations to a common location, 
stabilization of the patients, transportation of victims to the 
local hospital, and transportation to the city hospital. Over 
time, the injury levels of the victims become more severe, but 
when some type of care is given, the injury levels improve. 
Other necessary parameters for initial injury level 
distributions, injury degradation functions and improvement 
jumps, number and arrival times of resources, travel times, 
etc. were chosen later to facilitate actual model construction.
SIMULATION METHODOLOGY AND 
SOFTWARE EVALUATION
We chose to evaluate several different software packages for 
their suitability for modeling this type of scenario. These 
packages included ones primarily developed for DES 
modeling and ones primarily developed for ABS modeling. 
To have a general terminology, we used the term “agent” to 
refer to entities, resources, or agents wherever possible. The 
full list of software packages we were able to consider 
included: Arena, Extend, MANA, NetLogo, PAX, Pythagoras 
and Sandis.  
Required Features
When considering our scenario, we developed a list of 
features or modeling capabilities necessary for building an 
effective model. These included:
• tracking of location of agents
• tracking of continuous changes in injury level
• agents having different roles
• agents moving together (e.g. a  worker carrying a 
victim)
• agents able to perform more than one task
• modeling of processes that require specific 
combinations of agents and take time
In addition, we realized that our basic scenario did not 
explicitly appear to require certain features, but these features 
would increase the usefulness of a model of this scenario. 
These include:
• communications to increase the number of available 
agents or to redirect agents
• human-in-the-loop capabilities
When evaluating the software packages, it did become 
clear that our scenario description was biased towards DES 
methodology. Therefore, Arena and Extend seemed to be a 
better fit, with Extend being a little better due to the ability to 
explicitly track and animate agent coordinates. However, for 
more realistic modeling of the scenario we would likely want 
to use agent-based features such as behavior changes based 
on internal states of the agents. In addition, investigation of 
important response organization coordination issues would 
require the ability to model agent interactions. With this 
consideration in mind, the ABS packages became more 
attractive. To further investigate a few of the most promising 
packages, we chose to try to build a simulation model for the 
scenario in each of four different packages: Arena, NetLogo, 
Pythagoras and Sandis.
Model Construction
Attempting to build a model for the scenario in each 
different software package simultaneously was informative. 
We experienced unexpected challenges, found an occasional 
bug, and sometimes were surprised at how we could use the 
existing features in a package to model something that the 
software wasn’t designed for. The experiences of each 
member working on a different model are described below.
Arena
Modeling this scenario in Arena initially seemed to be an 
easy proposition, since several sequential processes needed 
to be modeled and this is what Arena was designed for. 
However, the modeling became more complicated when 
trying to model the changing injury levels for each victim. 
Arena seems to have some ability to track continuous 
variables but it is not readily apparent, so the model was 
designed to update the injury level information for a  victim 
each time it received treatment. This, however, means that 
the injury levels are not really continuously tracked and 
acted upon. In addition, it was determined that an agent 
performing triage should always move to the next closest 
victim agent. Since Arena does not provide any mapping 
capability, the coordinates of each agent had to be  recorded 
as attributes. Each time a worker agent needed to move to 
another victim, the queue of victims had to be iteratively 
searched, with each distance recalculated, to find the next 
closest victim. Further modeling was needed to delay for the 
correct travel time and update the worker’s coordinates. This 
was a cumbersome way to consider locations in Arena. 
Overall, Arena handles basic processing well, but is not able 
to easily accommodate the more complex aspects of the 
scenario.
NetLogo
NetLogo is a free, agent-based simulation development 
environment based on Logo, a computer language designed 
for ease of programming.  No one on the team had previous 
NetLogo experience, but the team was able to build enough 
of a model to ascertain the capabilities of this language and 
environment.
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Unlike the other tools tested, NetLogo does not provide a 
graphical programming environment; rather, it is purely 
coded in a high-level language.  Nevertheless, the language 
has several features well suited to the chosen scenario. 
Figure 1. NetLogo train crash simulation in start position. Yellow 
truck “turtle” represents ambulance starting location.  Sliders 
control simulation parameters.
NetLogo agents are called “turtles” and they can interact 
through explicit links.  The programmer is able to define 
types of agents (“breeds”) - for our scenario the passengers, 
medical personnel, and vehicles were all  different types. 
Different sets of attributes could be defined for each type of 
agent, such as the health state for the passengers or the 
number of passengers assigned to each transport vehicle. 
NetLogo also has the ability to change agent types (for 
example, passengers who become volunteers), and to collect 
summary statistics on subsets of agents (“agentsets”) to be 
used for decision-making (for example, don’t send an 
ambulance to the accident site if there are no passengers 
needing transport).
NetLogo does not appear to have a  good capability for 
travel via  specified paths (i.e., roads); we were able to assume 
straight line paths in this case, but additional logic would be 
necessary for turtles to follow a line.  NetLogo can import a 
graphic map and assign color values to map coordinates; this 
may allow agents to stay within certain boundaries (for 
example, the transport area).
Pythagoras
Pythagoras has various features that provide an advantage 
in modeling a disaster scenario. As stated previously, in the 
initial  discussion the scenario set-up was biased towards 
DES methodology, which would involve a package such as 
Arena.  Therefore, some of the data we chose for the scenario 
had to be interpreted into a form more suitable for 
Pythagoras.
Pythagoras agents have the ability to interact amongst 
each other as well as be affected by the environment.  These 
two capabilities allow for a  model to show the scene of a train 
crash with the communication between volunteers and 
victims, as well as the challenges of getting through the 
debris.
The Terrain feature can model the visibility and mobility 
challenges faced at the site of the crash.  The terrain may slow 
agents down, so that it is more difficult for the volunteers to 
reach the victims.  Communication devices can show the 
unique interactions amongst agents.  Agents may also be set 
with leadership properties to create an organized response 
system.  Agent attributes may be used to show the level of an 
agent’s injury, with recurring changes each time step.  Agent 
triggers may cause a change in agent behavior due to an 
altered state.  (For example, if an agent’s health improves to a 
certain level, it may be redirected to a different location).
Pythagoras is not set up to model queuing type processes 
as in Arena.  Although it can be used to convey these 
concepts, it is in most cases better to use Arena if the interest 
only lies in modeling processing.  However, Pythagoras 
would allow for a more detailed analysis of interactions 
between agents and the challenges faced in a disaster 
response environment.
Sandis
Only the medical  evacuation model of the Sandis tool was 
used for this scenario. In general, the input of the Sandis tool 
is 1) weapon and communication characteristics, 2) units and 
their weapons, 3) fault logic for  units and operation success, 
4) geographical map, and 5) user actions for units in 
company or platoon level. 
The output is 1) the operation success probability for each 
minute time step, 2) the probability of being beaten for each 
unit, 3) unit strength distributions, 4) average combat losses 
and the killer-victim scoreboard, 5) ammunition consumption, 
6) radio network availability, and 7) medical evacuation 
logistics and treatment capacity analysis.
In the medical evacuation model of Sandis, the victims 
are grouped into four categories: minor injury, mid-state 
injury, major (critical) injury, and dead or hopeless. This 
classification system is based on triage classes.
Medical units are grouped in either connection type 
evacuation units or treatment units. Every medical treatment 
unit has three slots for the classes of combat casualties: 1) 
waiting for treatment, 2) in treatment, and 3) waiting 
transport to the next level. The medical unit’s parameters are 
the number of patients it could handle for each level of injury 
and average treatment time. A queue forms, if the number of 
wounded exceeds the capacity of the treatment unit or the 
capacity of the evacuation unit transporting the wounded to 
the next level of treatment. Evacuation connections have 
parameters for transporting time and number of wounded 
the connection can transfer.  
Figure 2. Sandis train crash simulation in start position. Casualties 
in units with green push pins.
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There are state transition parameters for wounds getting 
worse without treatment during the evacuation and 
treatment process. Thus the difference in number of dead can 
be compared with different evacuation alternatives. The 
distribution of casualties in four triage categories was easily 
created using the “divine hand” weapon. The medical units 
were modeled as military squads or platoons with medics 
and vehicles. Their ability to give treatment was given as a 
parameter value. The average values of casualty flows and 
treatment facilities could be modeled. 
The trapped victims were modeled as a separate group. 
The extrication team was modeled as a treatment unit with 
the average treatment time set to the average time for freeing 
a victim.   
Figure 3. Medical units are at the train and connections from train 
to triage sorting area and further to medical facilities are 
operational. 
 
Figure 4. Built-in feature shows a bad queue during the simulated 
evacuation process
The transportation gave only average values, but was 
also rather easy to model. The results were shown by graphs 
and written to a data file.
The modeling difficulties lay in more detailed analysis. 
For example, the action of individual first aid workers or 
casualties is practically impossible to model using Sandis. 
Also all casualties with same triage class had the same 
statistical parameter data. 
CONCLUSIONS AND 
RECOMMENDATIONS
Overall this team accomplished a great deal in terms of 
defining requirements for modeling mass-casualty disasters 
and evaluating a variety of simulation software packages. 
We discovered that, although different software packages 
had quite different origins and features, all of them could be 
manipulated to model the scenario well  enough to be useful. 
On the other hand, it was clear that none of the packages we 
investigated could model all aspects of the scenario well. 
Since different packages have different strengths, we 
developed some recommendations for packages to use when 
focusing on different aspects of a disaster response scenario. 
Overall we recommend:
• Arena or Extend for focusing on queueing of agents 
and resource usage and allocation 
• Pythagoras for modeling the interactions of 
individuals with others and the environment
• Sandis for focusing on evacuation routing and 
tracking triage levels most accurately
• PAX for modeling group relationships and interaction 
dynamics
In addition, we realized that ABS and DES methodologies 
each have strengths and weaknesses but may complement 
each other well. Since DES more readily models queueing and 
resource usage and allocation, a DES model of a scenario 
could be used to determine expected queueing times as victim 
agents wait for limited resources agents. These waiting time 
distributions could then be incorporated into an ABS model as 
additional delays or travel times. On the other hand, an ABS 
model could be used to see how agents are redirected to move 
toward a different goal or perform a different functions or call 
for additional resources over the course of the scenario. This 
information could then be incorporated into a DES model 
using timed triggers or probabilities to simulate this emergent 
behavior.
Since it is already well known that DES and ABS 
methodologies have different strengths, software packages are 
now available (e.g., AnyLogic), and others are under 
development, that are advertised to have both DES and ABS 
functionality. Since it is clear that effective modeling of 
disaster-response scenarios could benefit from both types of 
functionality, a next step in this research direction would be to 
evaluate these multi-purpose software packages. 
Given that no single platform can satisfy all 
requirements, one additional possibility is the development of 
a more comprehensive modeling environment that allows 
easy access to a portfolio of simulation-based platforms, 
including the ones surveyed in this report (see [Plale et al 
2005]1  for an exemplar of this approach).   This integrated 
modeling environment would ideally provide a meta-level 
interface which would aid users in configuring data sets, 
models, and solvers within one environment regardless of 
modeling approach or paradigm. 
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1 Plale, B., Gannon, G., Huang, Y., Kandaswamy, G., Pallickara, S.L., Slominski, A. 2005. Cooperating services for data-driven 
computational experimentation. Computing in Science and Engineering (7,5), 34-43.
